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Preparation of supported co catalysts 

The present rnvention relates to a process for preparing a supported cocatalyst for olefin 
polymerization, which comprises reacting a support tearing functional groups. triethylalumJnum 

5 and a hydroxyi^ntainlng compound containing an atom of group 13 oris of the Penodic Table. 
Furthermore, the present invention leleles to supported cocatalysts obtainable by such a piooess, 
to the use of the supported cocatalysts for preparing a catalyst system fbr the polymerization of 
olefins, to catalyst systems for the polymervEstion of olefins obtainable from the supported 
cocatalysts and to a process for the polymerization of olefins in which these catalyst systems are 

10 used. 

Organic transition metal compounds such as metallocene complexes are of great interest as 
catalysts for olefin polymerization because they make it possible to synthesize polyolefins which 
are not obtainable using conventional Ziegler-Natta catalysts. For example, such single site 
15 catalysis lead to polymers having a narrow molar mass distribution and a uniform comonomer 
content For these to be able to be used successfully in gas-phase or suspension polymerization 
processes. It Is often advantageous for the metallocenes to be used in the form of a solid. i.e. for 
them to be applied to a solid support Furthermore, the supported catalysts should have a high 
productivity and lead to polymers having a good morphology. 

20 

For organic transition metal compounds such as metaHocenes to be effocHve as catalysts for 
olefin polymerization, it is necessary for them to be reacted with further compounds sending as 
cocatalysts. A frequently used dass of cocatalysts consists of aluminoxanes such as 
methylaluminoxane (MAO). However, these have the disadvantage that they have to be used In a 
25 large excess. Furthermore, compounds which convert the organic transition metal compounds 
into cationlc complesras can also be used as cocatalysts. 

WO 99/18136 describes catalyst systems comprising an organoboron-aluminum compound, a 
metallocene and an aluminum compound, with the catalyst systems being able to further 
30 comprise a support The organoboron-aluminum compounds are prepared by reacting 
dlhydroxyorganoboranes ortriorganoboroxins with organoalumlnum compounds and then 
applying them as suc^ to the support 

WO 98/04319. WO 95/23005 and WO 99/33881 describe catalyst systems in virtiose preparation a 
3S support is firstly reacted with a Lewis acid such as trispentafluorophenylborane which acts as 
cocatalyst The modified support in which the Lewis acid is covalenUy bound to the support 
material is subsequently reacted witfi a metallocene or a mpcture of a metallocene and an 
organometallic compound. S. Charoenchaidet S. Chavadej and E. Gulari. Macromol. Rapid 
Commun. 23 (2002), 426-«1 . state that catalyst systems comprising supported cocatalysts which 



40 
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are obtainable by reaction of silica gel with trispentafluorophenyiborane and (rityl chloride have an 
increased activity in ethylene polymerization when the silica gel has been reacted with an 
aluminum alkyi before being brought into contact with trispentafluorophsnylborane. 

S EP-A 1 153 938 describes catalyst systems in which a modified support is firsfly prepared by 
rea^ng a support with an organometallic compound and a compound having functional groups 
containing active hydrogen. The modified support is then brought into contact with an organic 
transition meftai compound and a further organometallio compound. As compounds having 
functional groups containing acfive hydrogen, use is made of oiganic compounds which contain 
10 not only the functional group containing active hydrogen but also an electron-withdrawing group. 

EP-A 949 273 describes modified particles obtained by contacting dry support partlcloo with an 
orsanometainc compound and subsequently with a compound having a functional group 
containing active hydrogen or a non-proton donative Lewis basic functional group and an electron 
15 attractive group. 

The above-described processes fbr preparing supported catalyst systems are ail quite 
complicated. Furthermore, the starling materials used are generally very expensive and the 
polymerization activities of Bie catalyst systems are sttll capable of Improvement 

20 

It is an object of IJie present invention to iind a process for preparing a supported cocatalyst for 
olefin polymerization which is relatively simple, In which relatively fnwpenslve starting materials 
can be used and which leads to cata^yst systems having an increased polymerization activity or in 
which a good polymerization acttvify of the catalyst solids can be achieved using only a smaller 
25 amount of expensive starting materials or using less expensive starting materials. 

We have found that this object is achieved by a process ibr preparing a supported cocatalyst far 
olefin polymerization, which comprises reacting 

30 A) a support bearing functional groups, 

B) triethylaluminum and 

C) a compound of the fonmula (1), 

35 

(R^)r— A— (OH)y (I) 

Where 

40 
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A is an atom of group 13 or 15 of the Periodic Table. 

are identical or different and are each, independently of one anolher, hydrogen, halogen. 
Ct-CaralKyl. Ci-C„-haloalkyl, C,-Ciraltoxy. Cs-Cararyl CerCsrhaloaryl. Ce-C,ra»yloxy. 
5 C7-C*-a«y«alky. C7-CX«rhaloaiyIelkyl. CrC«ra«cylaryl. CrC-«rhaloalKylaiyl or an OS.B3 

group, where 

r2 are identical or different and are each hydrogen, halogen, C-CarralKyl. C-Czn-haloalKyl. 
CrCio^lkoxy. Cs-Czo-aryl. Cs-Cao-haloaryl, Cs-Canraryloxy. CT-C^o-arylalkyl. 
ID CT-C^o-haloarylalhyi. CT-C«-alkylaryl or CT<;«-haloalkyteryt. 

V felorZand 



15 



20 



25 



30 



35 



X is 3 minus y. 

We have also found supported cocatalysts obtainable by such a process. Ihe use of the 
supported cocatalysts Ibr preparing a caialyst system for the polymerization of olefins, catalyst 
systems ftor the polymerization of olefins oblainablefrom the supported cocatalysts and a process 
lor the polymerteation of olefine In which these catalyst systems are used. 

The supported cocatalysts prepared according to the present invention are suitable for the 
poIymerizaHon of olefins and especially for the polymerkation of o-olefins. i.e. hydrocarbons 
having terminal double bonds. Suitable monomers include funcBonallzed olefinlcally unsaturated 
compounds such as ester or amide derivatives of acrylic or methacryllc add. for example 
acrylates. methaciylates or acryionibile. Preference is given to nonpolar olefinic compounds, 
including'aryhsubstituted a-olefins. Particularly preferred a-olefms are linear or branched Ca-Ciz- 
l^kenes. in particular linear Cj-C„^1-alkenes such as ethylene, propylene, 1-butene. 1-pentene. 
l-hexene. l-heptene. 1-octene, 1-decene or branched Cz-Cw-l-alkenes such as 4-methyl-1- 
pentene. coniugatsd and nonconjugated dienes such as l.3-butadiene. 1.4-hexadiBne or 
l.7^ctadiene or vinylaromatic compounds such as slyrene or substituted styrene. It Is also 
possible to polymerize mixtures of various a-olefins. 

Suitable olefins also include ones in which the double bond Is part of a cyclic stnjcbjre which may 
comprise one or more ring systems. Examples of such olefins are cyclopentene, norbomene. 
tetracydododecene and methyinorbomene and dienes such as s-ethylidene^-norbomene, 
norbornadiene and ethylnorbomadiene. 



It is also possible to polymerize mbctures of two or more olefins. 
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4 

The supported cocatalysts of Uie present invention are partlculariy useful for tha polymerization or 
copolymerization of ethylene or propylene. As comonomers in ethylene polymerization, 
preference is given to using Ca-Ca-^t-olefins. in particular 1-butene. 1-penteno, 1-hexene and/or 
1-octene. Preferred comonomers in propylene polymerization are ethylene and/or 1-butene. 

5 

In the process of the invention for preparing a supported cocatalyst a support bearing functional 
groups A), triethyialuminum B) and a hydroxyl-contaming compound containing an atom of 
group 13 or 15 of the Periodic Table C) are reacted with each other. 

10 Preferred supports A) are ones whose functional groups contain active hydrogen. Suitable 
funcUonal groups are, for example, hydrDxyl groups, primary and secondary amino groups. 
mercaptQ gn^ups, silanol groups, carboxyi groups, amido groups or imido groups, with hydroxy! 
groups being preferred* 

IS Supports used are preferably finely divided organic or inorganic solids which bear the appropriate 
functional gn3up5. Examples are sheet silicates, inorganic oxides or finely divided fiincHonalized 
polymer powders. 

Inorganic oxides suitable as supports may be found among oxides of the elements of groups 2, 3, 
20 4, 5, 13, 14, 15 and 16 of the Periodic Table of the Elements. Preference is given to oxides or 
mixed oxides of the elements calcium, aluminum, silicon, magnesium or titanium and also 
corresponding oxide mbctures. Other inorganic oxides which can be used on their own or in 
combination with the abovementioned oxidic supports are, for example, IZrO^ or Preferred 
oxides are silicon dioxide/ in particular in the form of a silica gel or a pyrogenic silica, or aluminum 
25 oxide. A preferred mbced oxide is. for example, calcined hydrotaictte. 

The support materials used preferably have a spedfic surface area in the range from 10 to 
1 000 m^/g. preferably from 50 to 500 m^/g and in particular from 200 to 400 m^/g, and a pore 
volume In the range from 0.1 to 5 ml/g, preferably from 0.5 to 3.5 ml/g and in parh'cular from 0,8 to 
30 3.0 ml/g. The mean particle size of the finely divided supports is generally in the range from 1 to 
500 jim. preferably from 5 to 350 fim and in particular from 10 to 100 jim. 

The inoi^anic support can be subjected to a thermal treatment, e.g. for removing adsorbed water. 
Such a drying treatment is generally earned out at ftiom 50 to 300'c, preferably firom 100 to 200'q. 
35 and is preferably cammed out under reduced pressure and/or in a stream of inert gas, for example 
nitrogen or argon. The inorganic support can also be calcined, in which c3se the concentration of 
OH groups on the surface is adjusted and the structure of ttie solid may be altered by a treatment 
at from 200 to 1 OOOX. 

40 
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Further possible support materials are fUncBonalized polymer supports. B.g. those based on 
polystyrenes or polyolefins such as polyethylene or polypropylene, whose functional groups may 
be. for wample, ammonium or hydro^qft graups. 

5 Prefen^d compounds C) are ones in which 

A is an atom of group 13 of the Periodic Table, preferably an atom of group 13 of the Periodic 
Table different from aluminum, Le. boron, gallium, indium or thallium and very particularly 
preferably boron. 

10 

Preference is also given to compounds of the formula (I) in which 

are identical or different and are each, Independently of one another, hydrogen, halogen, 
Co-Ci4-aryl, Ce-Ci4,-haloaryl. C,-Ci4-alkyl. C,-CvrhatoalKyl. CrCararylalky. 
15 Or-Csrhaloaiylalkyl, 07-Cwralkylaryl or CrCao-haloallcylaryl and 

are each particularly preferably Ca-Ciu-aryl, Ca-Cio-haloaryl, C,-CBralkyl. Ci-Cs-haloalkyl, 
CT-Cstralkylaryl or CT-C»rhaloalKylaryl. 

ZD Examples of prefierred compounds of the formula (I) are borinic adds of ttie formula R^aBlOH) and 
fctoronic adds of the tomtula R'B(0H)2, where is particularly preferably CerC,orhaloafyl. 
C7-C^lkylaryl or Cr^sirhaloalKylaiyl. 

The support bearing functional groups A), triethylaluminum B) and the hydroxyl-conlaining 
25 compound C) can be combined in any order. Prefferably the support bearing funcBonal groups A) 
is first reacted with trieaiylaluminum B) and subsequently the reacfion product is allowed to react 
with the compound of the formula (i) C)i 

The components are usually combined with one other in the presence of an organic solvent in 
30 which the support has been suspended. Suitable solvents are aromatic or aliphatic solvents, for 
example hexane. heptane, toluene or xylene, or halogenated hydrocarbons such as methylene 
chloride or halogenated aromatic hydrocarbons such as o-dichlorobenzane. If the support Is first 
i«acted vifith triethylaluminum me compound C) is preferably combined \««h the reaction product 
of triethylaluminum and the support A) In the presence of the organic solvent in which the support 
35 has been suspended and In which the reaction of triethylaluminum with the support has been 
earned out However, it is also possible for the reaction product of triethylaluminum and the 
support A) to be isolated first and the isolated or resuspended reaction product to be reacted with 
the compound C) subsequently. 

40 
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The components are generally cxxmbined st temperatures in the range from -20'C to 1 50*^0, 
preferably from 0"C to BO^'C. The time for which the components are allowed to react with one 
another is generally from 1 to 76 hours. Preference is given to reaction times of from 2 to 
46 hours, in particular from 6 to 24 hours and very particularly from 10 to 15 hours. 

S 

if the support is fir^t reacted with triethylaluminum the time for which these components are 
allowed to react with one another Is generally from 10 minutes to 4B hours. PrBference is given to 
reaction times of from 20 minutes to 6 hours, in particular fnam 30 minutes to 1 hour. The time for 
which the reaction product of triethyteluminum and the support A} Is subsequently allowed to react 
10 with the compound C) is generally from 1 to 48 hours. Preference is given to reaction times of 
from 6 to 24 hours and in particular from 10 to 15 hours. 



The molar ratio of tn'ethylalumfnum B) to funcfional groups of the support A) is usually from 0.05:1 
to 100:1, preferably from DJZ:1 to 20:1, In particular from 1:1 to 5:1. 

The molar ratio of triethylaluminum B) to compound C) is generally from 0.05:1 to 20:1, preferably 
from 0.2:1 to 5:1, In particular from Q.5:1 to 2:1 . 



The cocafalysts obtainable by means of the process of the present invention. v\*ifch are lllcewise 
20 provided by the present invention, can be used, in particular, for preparing a catalyst system tor 
olefin polymerization. Such catalyst systems, which are likewise provided by the present 
Invention, are generally obtained by bringing the supported cocatalysts into contact with at least 
one orgianfc transition metal compound D). 

25 As organic transition metal compound D), It is in principle possible to use any compounds of the 
transition metals of groups 3 to 12 of the Periodic Table or the lanthanides which contain organic 
groups and fomi active o|efin polymerization catalysts after reaction with the supported 
cocatalysts obtainable from the components A) to C) and, if desired, the organometallic 
compounds E). These are usually compounds in which at least one monodentate or polydentate 

30 ligand is bound to the central atom via sIgma or pi bonds. Possible Hgands include ones 

containing cyOopentadienyl radicels and also ones which are free of cyclopeotadlenyl radicals. A 
large number of such compounds D) suitable for olefin polymerization are described in Chem. 
Rev. 2000. Vol. 100, No. 4. Furthermore, polycycllc cyclopentadienyl complexes are also suitable 
for olefin polymerizafaon. 

35 

Particularly useful organic ttansrtion metal compounds DJ are ones containing at least one 
cyciopentadienyl-type ligand. Those containing two cydopentadlenyl-type llgands am commonly 
refen^ to as metallocene complexes. Among organic transition metal compounds D) containing 

40 
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at least one cydopentadienyMype ligand, compounds which have bean found to be paitioularty 
suitable are those of the fomiula (III) 



5 



10 




(III) 



where the substituents and rndices have the following meanings: 

M Is titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, 

molybdenum or tungstanp or an element of group 3 of the Periodic Table and 
the lanthanides, 

2Q are identical or different and are each. Independently of one another, fluorine, 

chlorine, bromine, iodine, hydrogen, Ci-Cia-alkyl, CrCia-alKenyl, Cs-Ci^ryl, 
(VC4o-a«cylaryl, CT-C^o-arylalKyl. -OR®* or -NR"*R^'' or two radicate X'^ are 
joined to one another and together fomi, for example, a substituted or 
unsubstituted diene ligand, in particular a 1,3-dlena Ifgand, or a biaryloxy 

25 group, where 

R^^and R^'^ are each C,-Cift-all^I, Ce-C,s.aryl, CT-CWarylalkyl, C7-C4o-alkyiaryl, fluorpalkyi 
or fluonsaryl each having from 1 to 16 carbon atoms in the allQrl radical and 
from 6 to 21 carbon atoms in the aryl radical, 

30 

n is 1. 2 or 3, where n^ Is such that the metallocene complex of the formula (III) 

is uncharged for the given valence of M, 



R to R are each, independently of one anofter, hydrogen, C',-C22-alkyl, 5- to 

7-membered cycloaikyi or cycloalKenyl which may in turn bear Ci-Cto-allcy] 
groups as subsStuents, Cz-Ca-affcehyl, C^-Czr^ryl C7-C4o-arylalhyl, 
Cr-C«-alkyfaryl, -NR^z, *N(SiR^3)2, -OR^, -OSiR^,, -SiR^%. where the 
radicals R^^ to R^ may also be substituted by halogen or two radicals R^^ to 
R^, in particular adjacent radicals, together with the atoms connedSng them 
may be joined to form a preferably five-, six- orseven-membered ring ore 
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preferably five-, six- or seven-membered heterocycle whl^ contains at least 
one atom selected from the group consisting of N. P, O and where 

are identical or different and can each be Ci-Cio-alkyl, Cs-Cicrcycloalkyl. 
Ce-CiF^iyl, Ct-CA-aOcoxy or Cs-CiQ-aryloxy and 



Zr is as defined fbrX'^ or is ^ 




10 

Where the radicals 

15 R®'^ to R^^ are each, independently of one another, hydrogen, Ci-Css-alkyl, 5- to 

7-membered cycloalkyi or ^doalkenyl which may In turn bear Ci-Cip-alKyI 
groups as substiluents, C2-C22-alkBnyK Cp-Cas^ryl. C7-C40-aryIalkyl, 
Cr'C^o-alkylaryl. -NR'^z, -NCSiR^^afe, -0R''^ -OSiR'^,, ^iR^^s. where the 
radicate R^^ to R^ may also be substituted by halogen and/or two radicals R^'^ 

20 to R^, in particular adjacent radicals, together with the atoms connecting them 

may be joined to form a preferably five-, six- or seven-membered ring or a 
preferably five^, sbc- or seven-membered heterocycle which contains at least 
- — one atom selected from the group consisting of N, P, O and S. where 

25 R^"^ are identical or different and can each be CrCicralkyl, Ca-C,ircycloalkyl, 

Ca-Ci5-aryl. Ci-C4-alkoxy or Cs-Ctg-aryloxy, 

or the radicals R"*^ and together form an -R^^^-A**- group, whsre 

30 



35 
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18* Ria* p^lB. 

j^rr^ }(>rAj^^TiK A'^* r"'^ r"* 



1^17* r"*r"'^ R^'^r'^'^R"* 



10 



15 



-BR"*-. -(BNR^*^"V. -AIR"*-. -Ge-. -Sn-. -0-. 
-SO-. -SOz-. -NR'^-, -CO-, -PR^*^- or -(POR'^)-. 



where 

20 r'**, r"* and are idenb'cal or dMfersnt and are eae4i a hydrogen atom, a halogen atom, a 

trimethylsilyl group, a C-Co-alkyl group, a C,-C,e-fluoroallcyl group, a 
Cs^Jio-fluoroaryl group, a Cs-Cio-aryl group, a C-CcralKoxy group, a 
CT-C^s-alkylaryoxy group, a CyCw-alkenyl group, a CT-C^o-arylalkyl group, a 
Ce-C4o-arylalkenyl group or a CT-C^jraBcylaryl group or two adjacent radicals 

25 togeOier with the atoms connecting them fomi a saturated or unsaturated ring 

having from 4 to 15 cartion atoms, and 



Is sificon. germanium or tin, preferably silicon. 



30 A* is 



, -S- . -NR«*- . -PR"*- . -O-R''* , -NR«% . -PR''*2 



or an unsubstituted. substituted or fused, heterocyclic ring system, where 

risa each, independently of one another, Ci-Cio-alkyl. CerCiraiyl. 

35 Ca-Circydoalkyl. CrC^raiKylaryl or -Si(R'^)3. 

rSoa iB hydrogen, Ci-Ciq-alKyl. Co-Cie-aiyl which may in turn bear C^-Ot-saf.)^ 

groups as subsUtuents or CrCioHsycloalKyl, 

40 
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•Z* is 1 or. if is an unsubstituted, substituted or ftjsed. heterocydic ring system, 

1 orO 

or the radioals R** and R*^ together fomi an -R'**'- group. 

s 

It is prefisned that the radicals in the fonnula (III) are identical, preferably fluorine, chlorine, 
bromine, Ci-C7-atkyt orarylalkyl. in particular chlorine, methyl or benzyl. 

Among the organte transition metal compounds of the fonnula (III), preference is given to 

10 
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20 



25 




{"la), 
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,15A, 



10 




(Ilic) and 



15 



(llld) 



20 



Among the compounds of the fbnmula (Ilia), particular preference ts given to those in which 



|1A 



1$ titanium or chromium, 



25 X'^ 



18 Chlorine, Ci-Cd-alkyI, phenyl, alkoxy or aryloxy, 



i$ 1 or 2 and 



R^^toR^ 



30 



are each hydrogen or Ci-C4-alkyl or tm adjacent radicals R''^ to together 
with the atoms connecting them fonn a substituted or unsutTstituted 
unsaturated soc-membered ring* 



Among the metallocenes of the formula (Illb), preference Is given to those In which 



35 



IS titanium, zirconium, hafnium or chromium. 



is chlorine. Ci-C4-alkyI or benzyl, or two radicals X form a substituted or 
unsubstituted butadiene Rgand, 
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is 1 or 2, preferably 2. or, ff M^'^ is chromium, 0, 

areead]hydrogBii,C,.CB-aIkyl.M,o-«ryl.-NR^a, -OSiR***,, -SfR^^or 

are each hydrogen, Ct-CB-alKyI, CffCio-aryl, ^R^2, ~OSiR^3, -SiR^a or 
-Si{R^)3 

or in each case two radicals R^'^ to R*^ andtor R*^ to R"'^ together with the cyelopentadienyf ring 
1 0 form an fndenyl or substituted Indenyl system. 

Particularly useful compounds of the formula (lllb) are those m which the cyclopentadlenyl 
radicals are identical. 

1 5 Examples of particular^ usefUl compounds of the formula (lllb) are 

bis(cyclopentadlenyl}zirconlum dichlorlde, 

bf5(pentamethylcyclopentadlenyl)zfrconium dichloride, 

bisCmethylcyclopentadlenyl)zin3onium dichloride, 

bls(ethylcyclopentadlenyl}2irconium dichloride, 
20 Ws(n-butylcyclopenladienyl)zirconium dichloride, 

bi5(1-n-butyl-3-methylcyclopentadleny|)2irconIum dichloride, 

bis(lndenyl)zirconlum dichloride, 

bfe(tetrahydroindenyl)zlrcanlum dichloride and 

bis(trimethyIstlylcyciopentadienyl)z[n::onlum dichloride 
25 and also the corresponding dimethyizirconlum compounds. 

metallocenes of the fomrtula (IHc) are those In which 

are identical or different and are each hydrogen or a Ci-CiiralM group. 

are identical or different and are each hydrogen or a methyl, ethyl, isopropyl or 
tert-butyl group, 

ane each Ct*C4-alkyl and 

are each hydrogen 

or 



n* 

R^toR^ 
R^toR^*^ 



Particularly useful 
R^'^andR^ 

30 

R^and R^^ 



R*^and R"^ 

35 

R^andR'^ 
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two adjacenl radicals and or r'°* and R^'^ together form a saturated or unsaturated cyclic 
group having firom 4 to 44 carbon atoms, 

is -M^R^^R"'^- or -CR^^R^^A-CR^^R^^*-- or -BR^^- or-BNR^^R^^^-, 

5 

M^^ is titanium, zirconium or hafnium and 

are identical or different and are each chlorine, d-C^-aJKyl, benzyl^ phenyl or 
C7-Cf5-aikyIaryloxy. 

10 

Parb'cufarly useful compounds of the fbnnula (HIc) are those of the fbmnula (lllc'} 



15 



20 



25 




(life'), 



where 

the radicals R''^ are identical or different and are each hydrogen, Ct-CicralkyI or CirCurqrcloallvI, 
30 preferably methyl, ethyl, isopropyl or cyctohexyl, CsrCzirary}, preferably phenyl naphthyl or 

mesityl, Cr-C^o-arylalkyl, C7'C40-aIkylaryl, preferably 4-tert-butylphenyl or 3.5-dj-tert-butylphenyl, 
or Cff-C4»rarylalkenyl, 

R^ and R™ are identical or different and are each hydrogen, Ci-CValKyI, preferably memyl, 
35 ethyl, isopropyl, ni^ropyl, n-butyl n-haxyl or tert-tutyl, 

and the rings S and T are identical ordiffersnt saturated, unsaturated or partially saturated. 



40 
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The indenyl or tetrahydroindenyl ligands of the metallocenes of the fbrmula (lllc*) ara preferably 
substituted in the 2 position, the 2,4 positions, the 4.7 positions, the 2,4,7 positions, the 
2,8 positions, the 2,4,6 positions, the 2,5,6 positions,, the 2,4,5,6 positions or the 2.4.5,6,7 
positions, in particular in the 2,4 positions, with the following nomenclature being employed for the 
5 site of substitut'on: 



3 4 



10 




As complexes (lllc'}> preference is given to using bridged bisindenyi complexes in the rac or 
15 pseudo-rac tbrm. For the present purposes, the pseudo-rac form refers to complexes In which the 
two indenyl ligands are in the rac arrangement relative to one another when all other substituents 
of the complex are disregarded. 

Examples of particularfy useful metallocenes (lllc) and (lllc') are 
2Q dlmethylsilanediylbls(cyclopentadienyl)zirconIum dichloride, 

dimethylsilanediylbfs(lndenyl)zirconium bichloride, 

dimethylsilanediylbi5(tetrahydroindenyl)zirconium dichloride, 

ethylenebis(cyctopentadienyl}zirconium dichloride, 

ethylenebis(fndenyl)zin;onium dichlorlde, 
25 athyl6nebis(tetrahydroindenyl)zlrconlum dichloride, 

tetramethylethylene-g^fluorenylcyclopentadlenylzlrconium dlchloride, 

dimethyteilanediylbis(3-lerl-butyl'5-methylcyclopentadlenyl)2irconlum dichloride. 

dimBthylsilanediylbi5(3^tert:-butyl-5-ethylcyclopentadienyI)zjnsonium dichlorlde. 

dimethyl5ifanediy!bi5(2-methylindenyI}zirconium dichloride, 
30 dimethylsjlanediylbls(2-isopropylindenyl)zirconium dichloride. 

dlmethylsilanediylbis(2-tert-butyiindenyl}zirconium dichloride, 

diethylsnanediylbis(2-methylindenyi}zlnBonium dibromide, 

dimethylsilanediylbis(3-mefhyl-5-methyl(^clopentadienyl)zlrconium dichloride, 

dimethylsilanedlylbis(3-ethyl-5-{sopropyicyclopentadienyl)zlrconlum dichloride, 
35 dimethyislianeQiyibis(2-ethylindenyl)2:ircanium dichloride, 

dimethyisilanedFyibis(2Hmethyl-4,5-benzfndenyl)zirconium dichloride 

dimetfiyisllanecffylbis(2-ethyl-4,&-benzindenyl}zirconium dichloride 

mefhylphenylsllanediy!b'is(2-methyM,5-benzfndenyl)zirconium dichloride, 

methylphenyl5ilanediylbi3(2-ethyl-4,5-banzindenyi}zirconhjm dichloride, 

40 
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djphenylsilanediyIbis(2-^ethyM,5-benzindenyl}zirconium dichloride, 

diphenyl5ilanediylbi5(Z'«thyl-4,5-tenzIndenyl}zirconluin dichloride, 

dfpheny)silanediylbis(2-methylmdenyl)hafnfum dichlonde, 

dimethylsilanediylbis(2'^ethyl-4^pheny<indenyi)zfrconiurn djchlonde, 
S dimethylsilanediyIbjs(2^thyM-phenyiindeny0z3i^niumdichto^^ 

dimethyl5ilanediy)bi$(2-niethyl*4*(1 -naphthy l)indenyl)zfnBontum dichloride, 

dimethyl5Sanediylbte(2-ethyl-4-(1-naphthyl)lndenyij2irc^ dichloride, 

dimethylsHanediylb[5(2i3ropyl-4-(1-naphthyl)lndenyOzirconlum dichtorfde. 

dimethylsilanediylbis(2-4-butyM-(1wiapWhyl)Indanyl)zirconw dichloride, 
1 0 dimathy!si(anediylbis(2-propyl'4-(8-ph©nanthryl)jndenyl)zirconiu dfchlorida, 

dimethylsilanediylbi$(2-methyl'4-isoprDpytindenyi}zirconium dichloride. 

d]me1liyl8ilaned1ylbi5(27<limethyM4sopropylindmyl}zi^ 

dinnethyl8i!anediylbi5(2-methyM,6^Ju8opropylrndenyl}zir»niurn dichloride, 

dimethylsflanediylbi5(2'rnetfiy[-HP-b'lfIuonomathylphenyllindenyJ)^^ dichloride, 
1 5 dimethylsnanediylbi5(2-rnethyl-443\5'-dlmethyfphenyQindenyl)2irconm dichloride, 

dimettiylsilanediylbis(2-me%l-4-I4-tert-butylphenyQindenyO dichloride, 

dfethyl5ilanediylbis(2-meth^-4H[4'-tert-butylpheny1]indenyl}zi^ dichloride, 

dlrnethylsilanediylbis(2-ethyl-4^4'4ert-butylphenyq!ridenyl)zlr^ 

dimethylsilanediylbis(2-prDpyl-4^4'-^ert-butylphenyOindenyDzln:^ dichloride, 
20 dimethyIsilanediylbis(2'fsopropyl-4H[4'-tert-butyIphBnyl]lndenyl^^^ 

diniethylsilanediylbis(2-n-bufyl-44*'4ert'butylphenyl]inderiyI)z"TO^ dfchtoride. 

dinri8thylsilanediyIhis(2*hexyl-4-[4-tert-butylphenyQlndenyl)zirc^ dlrtloride, 

diniethylsllanediVI(2-feoprapyl-4-phenylir)d9nylH2'^fnemyl-4.phm^^ dfchtoride, 

dirnBthyl5ilanBdlyl(2HSOpropyl-4K1-naphthyOinderiylH2-rn^^ 
25 dichloride. 

dimethylsilanediyl(2-4sapropyl-444'-tert-^autylpher»yllw^ 

indenyl}zirconlunn dichloride, 

dirn©thylsilanediyl(2-isoprDpyl^4^terW3u^lph6nylJindenyl^ 
lndenyl)ziroonium dichloride, 
30 dlmethylsiIanBdiyI{2-FsopropyI-4H[4*^ert-butylphenyllind©riy^^^ 
butylphenylJindenyOzfrconium dichloride, 
diniiethylsilanedfyl(2-feqpropyl-4^4'-teft-butylphenyllm 
zirconium dichloride and 

ethylenB(245opropyM-[4'-tert-butylphenyJ]lndenylM2'4neft^ 
35 zirconium dichloride 

and the corresponding dimeihylztrcamum, monochloromono(alkylaryloxy}zircQnium and dl- 
(alkylaiylDxy)zirconium compounds. 
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Particularly useful compounds of the formula (Mid) are those in which 

Is titanium or zirconium, in particular tlianlum, and 

5 X* Is chlprine, Ci-C4-alkyl or phenyl or two radicals X together form a 

substituted or unsubstituted butadiene ligand, 

r'^ Is -^IR^^^^'^- or -CR^^"^-CR^«*R"V and 

10 a'' 5s or -NR^^-. 

R^* to and R^ are each hydrogen, C,-Cio-alfcyl. preferably methyl, Ca-Cto-cycloalkyI, 

Cfi-Ci5-aryl or -SICR^'^Js, or two adjacent radicals form a cyclic group having 
from 4 to 12 carfeon atoms, with particular preference being given (o all 
15 R^ to R^ and R^ being methyl. 

Another group of compounds of the formula (llld) which are particularly useful are ttiose in which 

M^*^ Is titanium or chromium, preferably in the oxidation state III and 

20 

is chlorine, Ct-C4-alkyl or phenyl or two radicals X^ form a substituted or 
unsubstituted butadiene Ifgand, 

R^^ is -SIR^^R^^'^^ or -^R^^R'^'^-CR^^R'^^ and 

25 

A^ Is -O-R^'^ , -NR^^^ . -PR'^'a , 

R'^ to R^ and R*^ are each hydrogen, C|-CiD-alkyl, Cs-C^o-cycloalkyl, CVC^e-aryl or-Si(R^h» 
or two adja<^nt radicals form a c^lc group having from 4 to 12 carbon 
30 atoms. 

The synthesis of such complexes can be cam'ed out by methods known per se, with preference 
being given to the reaction of the appropriate^ substituted, cyclic hydrocarbon anions wilh halides 
of titanium, zirconium, hafnium^ vanadium, niobium, tantalum or chromium. 

35 

Examples of appropriate preparative methods are described, for example, in Joumal of 
Organomelallic Chemistry. 369 (1989), 359^70. 



40 
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Further suitable organic transition metel compounds A) are metallocenes having at least one 
ligand which Isftoimed by a cyclopentadienyl or heterocydopentadienyl and a fused-on 
heteiocyolB. In the heterocycles. at least one carbon atom Is replaced by a hetenDatom. preferably 
from group 15 or 16 of the Periodic Table and in particular nrtrogen or sulfur. Such compounds 
5 are described, for example, in WO 88/22486. These are. in particular, 

dlmethylsilanediyI(2-methyM-phenyiindBnylH2.5-d[melhyl-Ni)henyMt^pentaIene^ 
dichioride, 

dimethylananediylbls(2-methyl-4-phenymiydroazulenyl)zrroonium dichloride and 
10 dimethylslIanediylbls(2-ethyl-4-phenyM-hydroazulenyl)zlrconium dichloride. 

Further examples of organic IransHion metal compounds D) which are suitable for the purposes of 
the present Invention are transition metal complexes witti at least one ligand of the formulae (IVa) 
to (IVe). 



15 



20 



25 



30 




,11B 



IDS 



(IVa) 



,8B 



(IVb) 




lire 



■5B 



(IVd) 



.10B 



(IVe) 



3S vimere the transition metal is selectBd from among the elemenls Ti, Zr, Hf, Sc, V, Nb, Ta, Cr, Mo, 
w. Fe. Co. Nl. Pd. Pt or is an element of the rare earth metals. Preference Is given to compounds 
containing nickel, iron, cobalt or palladium as central metal. 



40 
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E° is an element of group 15 of the Periodic Table of tfie Elements, preferably N or P, particularly 
preferably N. The bvo or three afoms In a molecule can be Identical or different 

The radicals to R^^^ which can be Identical or different within a llgand system of the formulae 
5 (iVa) fo (iVe), have the fallowing meanings: 

R^^ and are. independently of one another, hydrocarbon or substituted 

hydrocarbon iBdlcals, preferably hydrocarbon radicals tn which the 
carbon atom adjacent to the element is connected to at least two 
10 carbon atoms, 

R^ and R^ are each, independently of one another, hydrogen or a hydrocarbon or 

substituted hydrocarbon radical, where R^ and R'^ may also together 
fonm a ring system In vt^ich one or more heteroatoms may be present, 

15 

and R^^ are, Independently of one another, hydrocaiton or substituted 

hydrocarbon radicals, 

and R^^ are each, independently of one another, hydrogen or a hydrocarbon or 

20 substituted hydrocarbon radical, 

where and R*^ or and R^^ may also together fcmi a ring system. 



R are each, independently of one another, hydrogen or a hydrocarbon or 

2^ substituted hydrocarbon radical, where two R^"^ may also together form 

a ring system, 

R^*® and R^"^ are. independently of one another, hydrocarbon or substituted 

hydrocarbon radicals, 

30 

R , R , R and R are each, independently of one another, hydrogen or a hydrocarbon or 

substituted hydrocarbon radical, where two or more geminal or vicinal 
radicals R"^. R"^. R^^ and R"^ may also together fonm a ring system, 

35 R«^ and R'^" are each, independently of one another, hydrogen or a hydrocarbon or 

substituted hydrocarbon radical, 

R^® and R^^® are each, independently of one another, hydrogen or a hydrocarbon or 

substituted hydrocarbon radical, 

40 
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R^°° 15 an orssnic radical which forms a 5- to T-membarBd $ubstttuted or 

unsubstituted, In particular unsaturated or aromatic, hatarocydic ring 
system, in particular together with a pyridine system, 

5 n^® is 0 or 1 , with compounds of the fomnula (I Vc) in which is 0 being 

negatively charged, and 

n^ is an integer from 1 to 4, preferably 2 or 3. 

1 0 Particuiarty useful transition metal complexes with llgands of the formulae (IVa) to (IVd) are, for 
^mple. complexes of the tnansitfon metals Fe« Co, Ni. Pd or Pt with ligands of the formula (IVa). 
Particular preference Is given to dlimine complexes of Ni or Pd» e.g.: 

di(2,S-di-i-propyJpheny l)-2, 3-dimethyldiazabutadi6nepailadium dichloride, 
1 5 di(di4-propylphenyl)*2,3-d!methyf dtazabutadienenickel dichlonde, 

df{2,9-dH-propylphenyl)-2,3-dimethyldiazabutadienedimethylpailad(umi 

di(2,6KlM-propylphenyl)-2,3<iimethyldiazabutadlenedimethylnickel, 

di(2,6-dimethylphe^yl^^,3-d^nrlethy]diazabutadienepalladlum dfchforide, 

di(2,6-dimethylphenyl)-2,3-dimethyldiazabutadienemckel dichloride, 
20 di(2|&<iimethytphenyl)-2.3-dlmethyidiazabutadjanedimethylpalladium. 

d)(2,e*^!methy[phenyt)-2.3Hjimethyld}a2:abutadien9dimethyinic:kel, 

di(2^ethylpheny()-2,3-dimethyldiazabutadienepaliadium dichloride, 

di(2-me!hylphenyl)-2.3-dimethyld^zabufadlenenickel dichloride. 

di(2HTiethylphenyl)-2,3-dimethyldiazabuladfenedimethylpalladium, 
25 dl(2-^ethylpheny1)-2,3-dlmethyldiazabuiadienedimethyln{cicel, 
. dlphenyi-2,3-dimethyldiazabutadienepanadium dichloride, 

diphenyl'2,3-dimethyldiazabutadjenenici(;el dichloride, 

diphenyl-2,3-dimethyldiazabutadiened!methylpafladium, 

d!phenyl-2.3-dirnethyldiazabutadienedimethylniei^el, 
30 dj(2,6<ilmethylphenyl)a2anaphthenepalladjum dichloride, 

di(2,^imethylphenyl)a2anaphthenenic)cel dichloride, 

dl(2,6-dlm6thylphBnyl)a2anaphthenedlmethyJpalladium, 

dl(2.©-dimethylphenyl)azanaphthenedimethylniqkel, 

1,r-blpyridylpailadium dichloride, 
35 l.r-blpyridylnlckel dichloride. 

1 , 1 '-bipyridyldimethy Ipalladium or 

1 , 1 '-bipyridyldimethylnickeL 

40 
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Particulaily useful compounds (IVe) are those which are described in J. Am. Chem. Soa 120, 
p. 4049 ff. (1998), J. Chem. Soc, Chem. Commun. 1998. 849, As complexes containing ligands 
(IVe), preference is given to using 2,6-bls(lmino)pyridyl complexes of the transition metals Fe, Co, 
Ni, Pd or Pfc, in particular Fe. 

5 

As organic transition metal compounds D), it ts also possible to use Iminophenoxide complexes 
whose ligands are prepared, for example, from substituted or unsubstituted saliqflaldehydes and 
primary amines. In particular substituted or unsubsfituted arylamines. Transition metal complexes 
with pr ligands which contain one or more heteroatoms in the pi system, for example the 
10 boratabenzene ligand, the pynrolyl anion or the phospholyl anion, can also be used as organic 
transition metal compounds D). 

Further transition metal compounds D) which are suitable for the purposes of Ihe present 
Invention are substituted monocyclopenfiadienyi, monoindenyl. monofluorenyl or 

15 heterocyclopentadlenyl complexes of chromium, molybdenum or tungsten in which at least one of 
the substituents on the cyclopentedlsnyl ring bears a rigid donor function which is not bound 
exclusively via sp^-hybndized carbon or silicon atoms. The most direct link to the donor function 
contains at least one sp- or sp^-hybridized carbon atom, preferably from one to three 
sp^-hybridized caition atoms. The direct link prefierably comprises an unsaturated double bond, 

20 an aromatic or together with the donor forms a partially unsaturated or aromatic heterocyclic 
system. 

In these transition metal compounds, the cyclopentadienyl ring can afso be a heterocyclopenta- 
dlenyl ligand. Le. at least one carbon atom can also be replaced by a heteroatom from group 15 
25 or 16. In this case, preference is given to a carbon atom in the CsHing being replaced by 

phosphorus. In particular, the cyclopentadienyl ring is substftuted by further alkyi groups which 
can also form a five- or six-membersd ring, e.g. tetrahydroindanyl, mdenyl, benzindenyl or 
fiuorenyl. 

30 Possible donors are uncharged functional groups containing an element of group 15 or IB of the 
Periodic Table, e.g. amine, Imine, carboxamide, carboxylic ester ketone (oxo). ether, thioketone, 
phosphlne, phosphite, phosphine oxide, sulfbnyl, sulfonamide, or unsubstituted, substituted or 
fused, partially unsaturated heterocyclic or heteroaromatio ring systems. 

35 Preference is here given to using substituted monocyclopentadienyi, monoindenyl, monofluorenyl 
or heterpcyclopentadienyl complexes of the formula (V) 



40 
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in" 

6 

where 

te Chromium, molybdenum or tungsten and 
10 has the fomiula (Va) 

20 where the variables have the {biiowing meanings: 

gtc^ gso carbon or, for not more than one atom E'^ to E^, phosphorus or nitrogen, 

Is -NR^'^R^^. -^^R^'^R^^ -OR^^, -^R^ or an unsubstituled, substitutod or fused, 
25 partially unsaturated heterocycHc or heteroaromatio rtng system, 

is one of the following groups: 



30 R"" 



— C=C— . — C=C- 



35 or, if is an unsubstituted, subsmuted or fused, partially unsaturated heterooycllc or 

heteroaromatic ring system, may also be 



40 
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2C 



,14C 



where 



10 



15 



Lie ^ggj, silicon or carbon, 

is 1 or, If A^^ is an unsubstituted. substituted or fused, partially unsaturated 
heterocyclic or heteroaromatic ring system, may also b© 0, 

ar^ each, independently of one another, Huorine, chlorine, bromine, iodine, 
hydrogen. C,-C,o-aIkyl. CjrCiQ-alkenyh Cs-Czcraryl, CrC^-alltytefyl. -NR'^^R'®*^, 
-OR'^^, ^R'^^ -SOaR^'^^ ^C(0)R^^^ -CN, -SCN, p^llkotonate, -CO. BF/, PFs" 
or a bulky nonooordinating anion. 



j^iBc B^cn, independently of one another, hydrogen, Ci-Cao-alkyl, CrCaralfcenyl, Ce- 
20 Czo-^ryl, OrC4(ralkylaryl» alkylaryl having from 1 to 10 carbon atoms In the alkyl part 
and carbon atoms in the aryl part, SiR'%, where the organic radicals R^^-R"^ 
may also be substituted by halogens and two geminal or vicinal radicals R^^-R^^^ 
may also be joined to fbmi a fiv&- or sbc-membered ring, 

25 r"*^ are each, independently of one another, hydrogen, C^-Cjo-alkyl, Ca-Cgo-alkenyl, C©- 

CzD-aryl. CT-CAo-alkylaryl, and two geminal radicals R'^^ may also be joined to form a 
five- or six-membered ring, 



30 



m 



is 1,2 or 3 and 
Is 1.2 or 3. 



The transition metal M*^ js parfieuiariy preferably chromium. 



3^ Examples of organic transition metal compounds of the formula (V) are 



1 -(8<|urnolyl)'2-methyl-4-methyicyclopentadienylchromium{llf) dichloride, 
1-(B-quinolyl)-3-isopropyI-5-methylcyclopentadienylchromium(ill} dichloride, 
l-CS-quinolyO-S-tert-butyl-S-meUiylcyclopentadienylchromiumUII) dichloride, 
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1-<6-quino[yl)-2.3A5-tBtFamethyri^lopsntadienylehroiTiium(flO drcfiloiide, 

1<^d-qu)nQlyt)tetrBhydro{ndenylchroTiiiurn(lil) dichloride, 

1-{8-quinoIyl)indenyIchromfum(HI) dichloilde, 

1 -(8-qu]nolyI)-2-methyIindenyfchranifum(lll) dichloride, 
5 V(B-<?uinQlyl>2-isopropylindenylchrornfum(llf) dichloride, 

1 -(&-quinolyl)-2-ethyrmdenylchromium(lli) dichloride, 

1-(B-quinolyi)^-teit-butyiindenyichrQmi'um(lll) dichloride. 

1«(8-qwnolyObenzindenyfchromium(ftO dichloilde, 

1~(a-qu1nolyl)-2.methylbenzind0nylchromlurn(HI) dichlorida, 
1 0 1-(a'(2-methylquinolyl))-2HrnolhyM'metiiylcyc!opentadisnylchromiu^ didilonde, 

1-(a-<2-methylquinolyl))-2,3,4,5-tetrameihyteydopentadianylchromium(lll) dichloride, 

1HN2-^ethylquinolyi))tetrahydroindenylchrDmium{lll}dii^l^^ 

1*(8-(2-methylquinolyt))ind8nylchromium(in) dichloride. 

1 K8-(2-methylqufnolyl))-2-methylindBnylchromlurn(!ll) dfchlonde, 
15 1 K8-(2Hmethy lquinofyl))-2-isoprQpylmdenylchromiom(in) dichloride, 

1 -(8-(2H7iethyIqumolyl))-2-ethylindenylchromium(IH) dichloride, 

1^8-(2'^nethylquino»yl))-24€rt-butylindenylchromlum(in) dichloride, 

He-(2-niethytqutnolyl))benzlndenytehromium(l!l) dichloride or 

1-(a-(2-^e(hyfquinolyl}}-2HTiethylb9nzlndenylchromlum(lll)dichto^^ 

20 

The preparation of functional cyclopentadlenyl ligands has been known for a long time. Various 
synthetic routes for these complaxing ligands are described, for example, by M. Enders et. al. In 
Chem. Bar (1996), 129, 459-463, or P. Jutel und StenriBlIng (n J. Orgmet Chem. (1995). 500, 
175-185. 

25 

The metal complexes, in parilcular the chromium complexes, can be obtained in a simple manner 
by reacting the corresponding metal salts, e.g. metal chlorides, vWth the ligand anion (e.g. by a 
method analogous to the examples in DE-A 197 10 615). 

30 Further transition metal compounds O) which are suitable for the purposes of the present 
invention are imidochromlum compounds of the formula (VI). 




(IV) 



where the variables have the following meanings: 
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R'°R^C=N, NR^«r2« or BR'^R^^'. Ci-C«-alkyl C,^«rCycloaIkyl, CrC^g^lkenyl. 
Czo-aryl, Cr-Cdo-alkylaryl. hydrogen If thfs is bound to a carbon atom, where the 
organic radicals R^*' and R^'' may also bear inert substituents. 

5 

X° are each, independently of one another, fluorine, chlorine, bromine, iodine. -NR^'^r'^, 

-NP(R^°)3,-OR'° -OSi(R=^%.-«03R=*° ^C{0)R«.pKliketonate.^ ' 
bullcy weakly coordinating ornoncoordinating anion. 

10 R^P- R« are each, independenUy of one another, C-Caralkyl, Cz-Pziralkenyl, Ce-Cgeraryl, 
Cr-C^a-alkylaryK hydrogen If this is bound to a carbon atom, where the oiganlc 
radicals R^° to R*° may also bear inert subatituents, 



n"' is 1 or 2, 



15 



m" te 1 , 2 or 3. where m^** Is such that the metallocene complex of the formula (VI) is 

unchar9ed for the given valence of Cr, 

is an uncharged donor, and 

20 

^ is from 0 to 3, 

Such compounds and their preparation are described, for example. . In WO 01/09148, - 

25 Further suitable organic transition metal compounds D) are transition metal complexes with a 
tridentate macrooyclic ligand, e.g. 

[1 .S.S-triCmethylH ,3.5-triazacyclohexanB]chremfum trichloride, 
II .3,5-tri(ethyl)-1 .3.&-triazacyciohexane]chromlum trichloride, 
[1 ,3,5-tri(octyI)-1 ,3,5-tnazacyclohexanelchromium trichloride, 
M I1.3,5-tri(dodecyl}-1,3,6^azacyclohexanelchromium trichloride and 
{1,3,5-tri(benzyl)-1.3,5-tria2acyclohexanBjchn3mium trichloride. 

Mixtures of various organic transition metal compounds can also be used as component D). 

35 Furthermore, preferred catalyst systems acconJing to the present invention can be prepared using 
at least one organometalllc compound E) In addition to the supported cocatalyst and the organic 
transition metal compound. Suitable organomelalfic compounds E) are ones of the fonnula (Vli), 

40 
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where 



is an alkali metal, an alkaline earOi metal or a metal of graup 13 of the Periodic 
Table, Le. boran, aluminum, gallium, indium or thallium, 

5 

is hydrogen, CrCio-alkyl, Co-Cis-aryl, haIO'Ci-C,jra)kyl, halo-Ce-Cis-aryl, 
Cr-CtfirarylalKyl. C7-C4tralkytaryl, Ct-Cicrelkoxy or halo-Cr^4Q-alKyiaryl, halo* 
C7*C4o*arylalKyl or halo-GrCio-alkoxy, 

10 and r' are each hydrogen, halogen, C,-CT<ralkyl, Ce-Cis-aryl, ha(o-Ci-Cio-a(kyl. halo- 

Cs-Cis-aryl, C7^4a-afylalkyl, CrC4(ralkylafyl, Ci-C,rralkoxy or halo-C7-C4o- 
atkylaryl, hala-CrC4o-arylalkyi or haloCi-Qio-alko^gf, 

r is an integer from 1 to 3 

15 

and 

s and t are Integers from 0 to where the sum r^+t corresponds to the valence of 

20 

Among the organometalllc compounds of tiie formula (Vii) preference te given to those in which 
is lithium, boron or magnesium and 
25 r\ r2 and are each C|-Cto-alKyl. 



Further preferred organometallic compounds of the fbnmula (Vlt) are those Jn which is 
aluminum and r. s and t are eai^ 1. In particularly prefarred organoaluminum compounds E> of 
the fomiula (VII), is Ct-Cno-alkyl> in particular Ca-Curalkyl. Particularly preferred 
3D organoaluminum compounds E) of (he formula (VII) also include those in which and are 
each hydrogen, halogen or Ci-Curalkyi. in particular hydrogen or Cs-^iiralkyK Very particular 
preference is given to organoaluminum compounds E) of the formula (VII) in which R\ and R^ 
are identical and are each CiVCio-^lkyi. 

35 Particularly preferred metal compounds of the formula (VII) are n-butyllitiiium. n-buj^l- 
n^ctylmagnesium, n-butyl-n-heptylmagnesium, trfphenylaluminum. triisoprenaluminum, 
tri-n-octylatuminum, tri-n-hexylalumlnum. tri-n-butyla!uminum. triisobutylalumlnum, tn-n-propyl- 
aluminum, tri-isopropylalumfnum, triettiylatumcnum. trispentafiuorophenylborane and 
trimethylaluminum and mixtures thereof. 
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It b also possible to use mixtures of various metal compounds of the fomfiula (VII). 

In the prepafation of thacatalyst systems of the present invention, it is usual to prepare the 
supported cocatalyst obtainable from the components A), B) and C) first and subsequently bring 

5 this Into contact with the organic transition metal compound D). When an organometallic 
compound E) is used, this can firstly be brought into contact with the organic transition metal 
compound D) and the resulting reaction product can then be allowed to react with the supported 
cocatalyst However, the components D) and E) can also be combined successively In any order 
with the supported cocatalyst. It is also possible to bring the organometallic compound E) Into 

10 contact with the catalyst solid obtained by reaction of the supported cocatalyst with the organic 
transition metal compound D) during the polymerization in the polymerization reactor, in which 
case it is also possible for the catalyst solid to be prepared using an organometallic compound E) 
which can be identical to ar different from the organometallic compound E) which is added in the 
polymerization reactor. 

15 

in a particularly preferred embodiment, the catalyst system Is prepared by firstly preparing a 
supported cocatalyst by bringing the components A), B) and C) into contact with one another and 
then bringing this into contact with at least one organic transition metal compound D). The catalyst 
solid obtained in this way is then, in a second step, brought into contact wiOi at least one 
20 organometallic compound E, in particular an organoaluminum compound E), and this mixture is 
subsequent used without further work-up for the polymerization. 

The components are usually combined in *e presence of an organic solvent in which the support, 
the reaction products of the support and/or the resulting catalyst solid are suspended. Suitable 
25 solvents are aromatic or aliphatic solvents, for example hexane, heptane, toluene or xylene, or 
halogenated hydrocarbons such as methylene chloride or halogenated aromatic hydrocarbons 
such as o-dichlorobenzene. 

The components are generally combined at temperatures in the range from '20^*0 to 150*'C, 
30 preferably from 0°C to 80"C. The time for which the components which have been brought into 
contact are allowed to react with one ano^er is generally from 1 minute to 48 hours. Preference is 
given to nsaction times of from 10 minutes to 6 houna. 

ThB molar ratio of organic transition metal compound D) to triethylaluminum B) is usually from 
35 1:0.1 to 1:1 000 and preferably from 1:1 to 1:100. 

When an organometallic compound E) is used, the molar ratio of organometallic compound E) to 
organic transition metal compound D) is generally from 800:1 to 1:1 and preferably from 200:1 to 
2:1. 

40 
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The solid obtainable after the supported cocatalyst has been brought into contact with the organic 
transition metal compound and any further components is usually obtained as a moist solid or a 
suspension. This reaction product can be used as such, if appropriate together with further 
constituents of the catalyst system, farttte pQtymen2:ation of olefins. However, the reason 
5 product Is usually worked up further, preferably by drying the solid. If the solid is present in the 
form of a suspension, it can additionally be separated from ^e liquid phase beforehand, for 
example by filtration. Drying is generally carried out at temperatures above room temperature. 
Preference is given to applying a vacuum during drying. The dried catalyst solid can be used for 
the polymerization either as such or in resuspended form. 

10 

H is also possible for the catalyst sohd to be prepolymerizBd with a-olefins, preferably linear 
Cz-Cio-1-alkenes and in particular ethylene or propylene, and the resulting prepolymeitced 
catalyst solid can then be used in the actual polymerization. The mass ratio of catalyst solid used 
in the prepolymerization to polymerKiedon monomer is usually in the range from 1:0.1 to 1:200, 

15 

Furthermore, a small amount of an olefin, preferably an a-olefin, for example vinylcyclohexane, 
styrene or phenyldimethylvinyfsilane, as modifying component, an antistatic or a suiteble inert 
compound such as a wax or oil can be added as additive during or after the preparation of the 
supported catalyst system. The molar ratio of additives to organic transition metal compound D) is 
20 (dually from 1:1 000 to 1 000:1, preferably from 1:5 to 20:1. 

The polymerization can be carried out In a Known manner, in buiic, in suspension, In the gas 
phase or in a supercritical medium in the customary reactors used for the polymerization of 
olefins. It can be canied out batchwise or prefsrably continuously in one or more stages. Solution 
25 processes, suspension pmcesses, stirred gas-phase processes or gas-phase fluidteed-bed 
processes are all possible. As solvent or suspension medium, it is possible to use inert 
hydrocarbons, for example Isobutane, or else the monomers themselves. 

The polymerizations can be earned out at from -eo to 300X and pressures in the range from 0.5 
30 to 3 000 bar. Preference fs given to temperatures In tiie range from 50 to ZOO'C, In particular fh^m 
60 to 100^C, and pressures in the range from 5 to 100 l>ar, in particular from 15 to 70 bar The 
mean residence times are usually from 0.5 to 5 hours, preferably from 0.5 to 3 hours. Molar mass 
regulators, for example hydrogen. or customary additives such as antistatics can also be used in 
the polymerization. 

35 

The process of the present invention for preparing supported cocatelysts is relatively simple. The 
process makes ft possible to prepare catalyst systems having a good polymerization activity using 
a reduced amount of expensive starting maten'als such as boron-containing compounds or 

40 
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transition m^tal compounds or using cheaper starting materials. It is also possible to prepare 
catalyst systems having an increased polymerization activity. 

Examples 

5 

The weight average molar mass Nlw and the molar mass distribution MJMn were determined by 
gel permeation chromatography (GPC) at 145'C In 1,2.4-trichlon3benzene using a GPC 
apparatus 150C from Waters. The data were evaluated using the Wfin-GPC software from 
HS-EntwicWungsgesBllschaftar wissenschafUlche Hard- und Software mbH, Ober-Hilbersheim. 
10 Calibration of the columns was carried out by means of polypropylene standards having molar 
masses of from 100 to 10^ g/mol. 

The melting points were detemiined by means of DSC (differential scanning calorimeiry). The 
measurement was carried out in accordance with ISO standard 3146 using a first healing at a 
IS heating rate of 20'C per minute to 200''C, a dynamic crystallization at a cooling nate of 20"C per 
minute down to 25"C and a second heatfng at a heating rat© of 20°C per minute back to 2D0''C. 
The melting point Is then the temperature at which the enthalpy vs, temperature curve measured 
in the second heating displays a maximum. 

20 To determine the proportion of xylene-soluble material, 5 g of propylene polymer were added to 
500 ml of distilled xylene Cisomer mixture) which had previously been heated to lOO^'C. The 
mbdure was subsequently heated to the boiling point of xylene and maintained at this temperature 

„fbr 60 minutes. It was then cooled to 5'C oyer a period of 20 minutes by means of a cold bath and 

then warmed up to ZO'^C again. This temperature was maintained for 30 minutes. The polymer 

25 which had precipitated was filtered off. Precisely 1 00 ml of the filtrate were taken and the sohfent 
was removed on a rotary evaporator. The residue whidi remained was dried at 80°C/250 mbar for 
2 hours and weighed after cooling. 

The proportion of xylene-soluble material was then calculated according to the formula 

30 

g X 500 X 100 



where 

35 Xs = proportion of xylene-soluble material in % when. 

9 = amount found in g, 
G - amount of product weighed out in g and 
V = volume of filtrate used in ml. 



40 
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Example 1 

a) Synthesis of the supported cacatalyst 

S 1.$8 g of silica gel (XPO 2107, Grace; dried at ISO^'C for 8 h) were suspended In 15 ml of toluene 
at ambient temperature and admbced with 2,9 ml of biethylaluminum (1.9 M in toluene, 5,6 mmol). 
The suspension was stirred for 30 minutes and 1 .1 S g (5.6 mmol) of pentalluoFophenylboronIo 
add were subsequently added. The reaction mbcture was stirred overnight and then filtered. The 
residue was washed 5 times with 20 ml of toluene and dried to constant weight in an oil pump 

1 0 vacuum. This gave 2.89 g of a white free-flowing powder. 

b) Application of the organic transition metal compound to the support 

556.9 mg of the supported cacatalyst prepared In example la) were suspended in 7 ml of toluene 
15 and admixed with a solution of 30,8 mg (52.4 Mmol) of dlmethyl5nanedlyjbis(2-methy^4-phenyl" 
indenyI)dimethylz:ireon(um in 7 ml of toluene. The reaction mixture was stirred for one hour and 
then filtered. The residue was washed twice with 1 ml of toluene and dried in an oil pump vacuum. 

c) Polymerization 

20 

A dry 1 1 reactor was flushed firstly with nitrogen and subsequently with propylene and then 
charged with 350 g of propylene and 2 ml (4 mmol) of a 2 M solution of trilsobutylaluminum in 
heptane. 91 mg of tiie catalyst solid prepared in example lb) were subsequently introduced into 
the reactor via a loc^ by blowing in ynfiHh argon. The reaction mixture was heated to the 
25 polymerization temperature of 65''C and polymerized for 1 hour. The polymerization was stopped 
by venting the remaining propylene. This gave 2g5 g of a finely divided polymer. The interior waifs 
of the reactor displayed no deposits. The catalyst activity was 3.2 kg of PP/g of catalyst solid per 
hour. The polypropylene obtained had the following pnsperties: W., = 1 186 100 g/mol, 
hJUMn = 2.9. melting point = 149°C- 

30 

Example 2 

a) Synthesis of the supported cocatalyst 

35 The supported cocatalyst of example la) was used. 

b) Application of the organic transition metal compound to the support 

40 
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715 mg of the supported cocatalyst prepared in example 1a) were suspended in 7 ml of toluene 
and admixed with a solution of 21.6 mg (50 funoi) of bis(1-methyl-3-n*buiylH^clopentadienyl) 
zirconiumdichloride, 250^1 (0.5 mmol) of a 2 M solution of trlmethylaluminum in heptane and 6 ml 
of toluene. The reaction mixture was stin^d for one hour and then filtensd. The residue was 
5 washed twice with 5 ml of toluene and dried In an oil pump vacuum. 

c) Polymerization 

A dry 1 0 1 reactor was flushed firstly with nitrogen and subsequently changed with 100 ml isoprenyl 
10 aluminum and 5 1 iso-butane. 347 mg of the catalyst solid prepared in example 2b} were 

subsequently introduced into the reactor via a lock by blowing in with nitrogen. Subsequently 
ethylene was introduced into the reactor and the reaction mixture was heated to the 
polymerization temperature of 65**C, The final pressure was 70 ban The polymerization was 
stopped after ZO minutes by venting the volatile components. This gave 150 g of a finely divided 
1 5 polymer. The Interior walls of the reactor displayed no deposits. The catalyst activity was 432 g of 
PE/g of catalyst solid. The polymer obtained had a IU|«, pf 782 000 g^mol. 

Example 3 

20 a) Synthesis of the supported cocatalyst 

3.0 g of silica gel (XPQ 2107. Grace; dried at ISO^C for 10 h) were suspended In 20 ml of toluene 
at ambient temperature and admixed with 5.6 ml of triethylaluminum (i.9M In toluene, 10,6! mmol). 
The suspension was stirred for 60 minutes and 1.12 g (5.3 mmol) of pentafluorophsnylboronic 
25 acid were subsequently added. The reaction mixture was slin-ed overnight and then filtered. The 
residue was washed three t'mes wth 20 ml of toluene and dried to constant weight in an oil pump 
vacuum. This gave 6,01 g of a while free-flowing powder. The solid contained 5-9% by weight of 
Al and 0.57% by weight of B. 

30 b) Application of the organic transition metal compound to the support 

3.66 g of the supported cocatalyst prepared in example 3a) were suspended In 20 ml of toluene 
and admixed with a solution of 86.4 mg (0.146 mmol) of dimethylsilanediylbfs(2-methyl- 
4-phenylfndenyl)dimethylzircom"um in 20 ml of toluene. The reaction mixture was stirred for 
35 one hour and then filtered. The residue was washed 3 times with 20 ml of toluene and dried in an 
oil pump vacuum. The yield was 3-73 g. 



c) Polymerization 
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A dry 10 1 reactor was flushed firstly with nitrogen and subsequently with propylene. 3.5 ml 
(7 mmol) of a 2M Uiisobutylaluminum solution in heptane were subsequently placed in the reactor, 
and 1 35 mg of hydrogen and 2.5 kg of propylene were then introduced at 40»C. A suspension of 
200 mg of the catalyst sofid prepared in example 3b) In 2 ml of herane were subsequently rinsed 
into the lector with 1 kg of propylene. The reaction mUlure was heated to the polymerizalion 
temperatufH of 65"C over a period of 10 minutes and polymerized fdr 1 hour. The polymenzation 
was stopped by venting the remaining prppylene. This gave 1 950 g of a finely divided polymer. 
The interior walls of the reactor displayed no deposits. The catalyst activity was 9.8 kg of PP/g of 
catalyst solid per hour. The polypropylene obtained had the following properties; 
B 814 400 g/mol. iwi,^ = 3-2. melting point = ISZ^C. Xg = 0.23. 



Btample 4 



15 



20 



25 



Polymerization 

Adry 10 1 reactor was flushed fiisUy with nitrogen and subsequently with propylene. 3.S ml 
(7 mmol) of a 2M triisobutyialumlnum sokilion in heptane were subsequently placed in the reactor, 
and 135 mg of hydrogen and 2.5 kg of propylene were then Introduced at 40-C. A suspension of 
201 mg of the catalyst solid prepared in example 3b) in 3 ml (2 mmol) of a 2M triisobutyialumlnum 
solution m heptane were subsequently rinsed into the reactor with 1 kg of propylene. The reaction 
mixture was heated to the polymerization temperature of 65°C over a period of 10 minutes and 
polymerized for 1 hour. The polymerization was stopped by venting the remaining propylene. This 
gave 2 350 g of a finely divided polymer. The interior walls of the reactor displayed no deposits. 
The catalyst activity was 1 1.7 kg of PP/g of catalyst solid per hour. The polypropylene obtained 
had the ibllowing properties: Hfl* = 940 800 g/mol. M^Wt = 2.8. melting point = 151»C. Xg « 0.14. 



30 



35 



Examples 

a) Synthesis of the supported cocatalyst 

3.0 g of silica gel (XPO 2107. Grace; dried at 130*0 for 10 h) were suspended in 20 ml of toluene 
at ambient temperature and admixBd with 8 ml of triethylalumlnum (l.SM In toluene. 15.18 mmol). 
The suspension was stirred fbr 60 minutes and 1.64 g (7.59 mmol) of pentafluorophenylboronic 
acid were subsequently added. The reaction mixture was stirred overnight and then filtered. The 
residue was washed three times with 20 ml of toluene and dried to constant weight in an oO pump 
vacuum. This gave s.57 g of a white free-flowing powder. 

b) Applicatton of the organic transition metal compound to the suppori: 



40 
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2,61 g of the supported cocatalyst prepared In example 5a) were suspended fn 20 ml of toluene 
and admixed with a solution of 61.6 mg (0.104 mmol) of dlmethyIsilanediylbis(Z-methyl' 
4-phBnylfnd6nyl)dlmethylzirconium In 15 ml of toluene. The reaction mixture was stirred for 
one hour and then filtered. The residue was washed 3 times with 20 ml of toluene and dried in an 
5 oil pump vacuum. The yield was 2.60 g of grey solid. 

c) Polymerization 

A dry 10 1 feactor was flushed firstly with nitrogen and subsequently with propylene. 3.5 ml 
10 (7 mmol) of a 2M triisobulylaluminum solution in heptane were subsequenUy placed In the reactor, 
and 420 mg of hydrogen and 2.5 kg of propylene were then introduced at 40'C. A suspension of 
109 mg of the catalyst solid prepared in example 5b) in 2 ml of hexane were subsequently rinsed 
into the reactor wHh 1 kg of propylene. The reaction mixture was heated to the polymerizaton 
ternperature of BS^C over a period of 10 minutes and polymerized for 1 hour. The polymerizaHon 
15 was stopped by venting the remaining propylene. This gave 2050 g of a finely divided polymer. 
The interior walls of the reactor displayed no deposits. The catalyst activity was 18.8 l^g of PP/g of 
catalyst solid per hour. The polypropylene obtained had the following properties: 
Mw = 139 poo g/mor, MJtAn = 2-6, melting point = ISrC. Xs = 0.33. 

20 Examples 

Polymerization 

A dry 10 1 reactor was flushed firstly with nitrogen and subsequently with propylene. 3.5 rril 
25 (7 mmol) of a 2M triisobulylalumrnum solution In heptane were subsequently placed In the reactor 
and 2.5 kg of propylene was then introduced at 40"C. A suspension of 303 mg of the catalyst 
solid prepared in example 5b) in 2 ml of h^ane were subsequently rinsed into the reactor with 
1 kg of propylene. The reaction mixture was heated to the polymerization temperature of Gff'C 
over a period of 10 minutes and polymerized for 40 minutes. Then the whole propylene was 
30 consumed. This gave 1900 g of a finely divided polymer The interior walls of the reactor 
displayed no deposits. The catalyst activity was 9,3 kg of PP/g of catalyst solid per hour. The 
polypropylene obtained had the following properties: Mw = 1 130 000 g/mol. MJMn - 2.8, melting 
points isrc, Xs = 0.09, 

35 Example 7 

Polymerization 
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A dry 10 1 rsactor was flushed firstSy mth nitrogen and subsequently vrith propylene. 3.5 ml 
(7 mmol) of a 2Ui triisobiitylalumlnum solution In heptane were subsequently placed in the reactor 
and 2,5 kg of propylene were then Introduced at 40'C. A suspension of 254 mg of the catal^ 
solid prepared (n example 5b) in 2 ml of hexane were subsequently rinsed into the reactor with 

5 1 kg of propylene. The reaction mixture was fir^ prepolymerized at 40°C for 10 minutes and then 
heated to the polymerization temperature of as^'C over a pen'od of 1 0 minutes and polymerized for 
40 minutes, as all propylene was used. Thm ^ve 1 550 9 of a finely divided polymer The interior 
walls of the reactor displayed no deposits. The catalyst activity was 9.2 kg of PP/g of catalyst 
solid. The polypropylene obtained had the fdliowing pn?pertles: M^^ 1 100 000 g/mol, melting 

1 0 point 149*'C, Xs = 0.22. 

Examples 

a) Synthesis of the supported cocatal^t 

15 

The supported cocatalyst of example 5a) was used. 

b) Application of the organic transition metal compound to the support 

20 2.51 g of the supported cocatalyst prepared in example 5a) were suspended in 20 ml of toluene 
and admixed with a solution of 2Q.8 mg (0.050 mmol) of dimethylsilanediylbis(2Hfnethyl- 
4-phenylindenyi)dimethylzin»)nium in 15 ml of toluene. The reaction mMure was stlnred for 
one hour and then ftftered. The residue was washed 3 times with 20 ml of toluene and dried In an 
oil pump vacuum. The yield was 2.45 g of brownish soHd. 

25 

c) Polymerization 

A dry 10 1 reactor was flushed firstly with nitrogen and subsequently with propylene. 3.5 mi 

(7 mmol) of a 2M triisobutylaluminum soluifon in heptane were subsequently placed In the reactor 

30 and 500 mg of hydrogen and 2.5 kg of propylene were then introduced at 40''C. A suspension of 
299 mg of the catalyst solid prepared in example 8b} In 2 ml of hexane wene subsequently rinsed 
into the reactor with 1 kg of propylene. The reaction mixture was first prepolymerized at 40^*0 for 
1 0 minutes and then heated to the polymerization temperature of es'^C over a period of 
10 minutes and polymerized fori hour. The polymerization was finished by venting off propylene. 

35 This gave 1 620 g of a finely divided polymer. The interior walls of the reactor displayed no 
deposits. The catalyst activi^ was 5.4 kg of PP/g of catalyst solid. The polypropylene obtained 
had the following properties: M,^ = 58 000 g/mol, MJMn - 2.7, melting point ^ 150X, Xs = 2.0. 

Example 9 

40 
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a) Synthesis of the supported catalyst 

2.0 g of silica gel (XPO 2107. Grace; dried at ISO^'C for 10 h) were suspended in 20 ml of toluene 
at ambient temperature and admixed with 5,3 ml of triethylaluminum (1 ,9M in tpluene, 
5 10.12 mmol). The suspension was stirred for 60 minutes and 0,82 g (3.80 mmol) of 

pentafluorcphenylboronic acid were subsequently added. The reaction mixture was stirred 
overnight and ihen filtered. The residue was washed three times with 20 ml of toluene and dried 
to constant weight in an oil pump vacuum. This gave 2.88 g of a white free-flowing powder. 

10 b) Applicat'on of the organic transition metal compound to the support 

2.65 g of the supported cocatalyst prepared in example 9a) were suspended in 20 mi of toluene 
and admrxed with a solution of 62,2 mg (0.105 mmol) of dimethylsilanediylbls(2-methyl- 
4-phenyllndenyl)dimethyl2iraonrum In 10 ml of toluene. The reaction mixture was stiired for 
IS one hour and then filtered. The residue was washed 3 times with 20 ml of toluene and dried in an 
oil pump vacuum. The yield was 2.78 g of grey solid. 

c) Polymerization 

20 A dry 10 1 reactor was flushed firstly with nitrogen and subsequently with propylene. 3.5 ml 

(7 mmol) of a 2M triisobutylaluminum solution in heptane were subsequently placed in the reactor, 
and 440 mg of hydrogen and 2.5 kg of propylene were then introduced at 40'C. A suspension of 
243 mg of the catalyst solid prepared in example Sb) in 2 ml of hexane were subsequently rinsed 
Into the reactor with 1 kg of propylene. The reaction mixture was heated to the polymerization 

25 temperature of 65"C over a period of 10 minutes and polymerized for 1 hour. The polymerization 
was stopped by venting the remaining propylene. This gave 1 120 g of a finely divided polymer. 
The interior walls of the reactor displayed no deposits. The catalyst activity was 4.6 kg of PP/g of 
catalyst solid per hour. The polypropylene obtained had the following properties: 
MU = 123 600 g/mol. M^M„ = 2,B, melting point = 150°C. Xs = 0.50. 

30 

Example 10 
Polymerization 

35 A dry 1 0 I reactor was flushed firstly with nitrogen and subsequenUy with propylene. 3.5 ml 

(7 mmol) of a 2M triisobutylaluminum solution in heptane were subsequently placed in tiie reactor 
and 2.5 kg of propylene were then introduced at 40''C. A suspension of 446 mg of the catalyst 
solid prepared in example 9b) in 2 ml of hexane were subsequently rinsed into the reactor with 
1 kg of propylene. The reaction mixture was prepolymerized for 10 minutes at 40 ""C, heated to 

40 
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the polymerization temperature of 65X over a period of 10 minutes and polymerized for 1 hour. 
The polymerization was stopped by venting the remaining propylene. This gave 1 130 g of e finely 
divided polymer The interior walls of the reaotor displayed no deposits. The catalyst activity was 
2.5 kg of PP/g of catalyst solid per hour. The polypropylene obtained had the fallowing piuperties: 
6 M« =:i 275 000 g/mol WUMn - 2.7. melting point « 15rc. Xa = 0,16. 

Example 13 

Polymerization 

10 

A dry 10 1 reactor was flushed firstly with nitrogen and subsequently with propylene, 3.5 ml 
(7 mmol) of a 2M triisobul^latuminum solution in heptane were subsequently placed in the nsactor. 
and 300 mg of hydrogen and 2.5 kg of propylene were then introduced at 40''C. A suspension of 
245 mg of the catalyst solid prepared In example Sb) in 2 mi qf hexane were subsequently rinsed 

15 into the reactor wllfi 1 kg of propylene. The reaction mixture was prepolymerized at 40 °C for 10 
minutes, heated to the polymerization temperature of 65°C over a period of 10 minutes and 
polymerized for 1 hour. The polymerization was stopped by venting the remaining propylene. This 
gave 2 61 0 g of a finely divided polymer. The Interior walls of the reactor displayed no deposits. 
The catalyst activity was 10.7 kg of PP/g of catalyst solid per hour. The polypropylene obtained 

20 had the fallowing properties: « 348 000 g/mol. WiJMa = 3.6, melting point- 151*C, Xs = 0.15. 

Comparative E^^mple A 

a) Synthesis of the supported cocafalyst 

25 

0.5 g of silica gel (XPO 2107, Grace; dried at leo^'C for 10 h) were suspended In 20 ml of toluene 
at ambient temperature and admixed with 0.41 ml of trimethylaluminum (2M In toluene, 0.82 
mmol). The suspension was stirred for 60 minutes and 0.29 g (0.02 mmol) of 
pentafluorophenylborimc acid were subsequently added. The reaction mixture was stined 
30 overnight and then filtered. The residue was washed three ttmes with 20 ml of toluene and dried 
to constant weight in an oil pump vacuum. This gave 1.1 g of a white free-flowing powdar. 

b) Application of the organic transition metal compound to the support 

0.312 g of the supported cocatalyst prepared In example Aa) were suspended in 8 ml of toluene 
and admixed with a solution of 33.2 mg (0.058 mmol) of dlmethylsilanediylbis(2-methyl- 
4-phenynndenyl)dimethylzln:onium in 6 ml of toluene. The reaction mixture was stln^ad fbr 30 
minutes and then filtered. The residue was washed 3 times with 5 ml of toluene and dried in an oil 
pump vacuum. The yield was 296 mg of light orange solid. 
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c) Polymerization 



A dry 1 1 reactor was flushed firstly with nilrogen and subsequently with propylene. 2 ml (4 mmol) 
of a 2M triisobutylalumlnum solution In heptane were subsequently placed in the reactor, and 
350 g of propylene were then Introduced at 40°C. 296 mg of the catalyst solid prepared in 
example Ab) were added into the reactor under nitrogen stream. The reaction mixture was heated 
to the polymenzation temperature of eS'^C over a period of 10 minutes and polymerized for 
1 hour The polymerization was stopped by venting the remaining propylene. There was no 
polymer formed during the trial. 

Comparative Example B 



a) Synthesis of the supported cocatalj^t 

1,5 g of silica gel (XPQ 2107» Grace; dried at 1 80*C for 10 h) were suspended In 15 ml of toluene 
at ambient temperature and admixed with 2.6 ml of trimethylaluminum (2M in toluene. 5.3 mmol). 
The suspension was stirred for one hour and 1.12 g (5.3 mmol) of pentafluorophenylboronlo acid 
were subsequently added. The reaction mixture was stirred overnight and then filtered. The 
residue was washed three times with 20 ml of toluene and dried to constant we^ht in an oil pump 
vacuum. This gave 1.89 g of a white fiBe-flowIng powder. 



b) Application of the organic transition metal compound to the support 



1,B9 g of the supported cocatalyst prepared in example Ba) were suspended in 1 0 ml of toluene 
and admbced with a solution of 32 mg (0.057 mmol) of dlmethylsllanediylbis(2-methyl« 
4-phenyIindenyI)dimethyIzlrconium in 15 ml of toluene. The reaction mixture was stirred for 
one hour and then filtered. The residue was washed 3 times with 20 ml of toluene and dried in an 
oil pump vacuum. The yield was 1.68 g of beige solid. 

30 

c) Polymerization 



A dry 10 I reactor was flushed firstly with nitrogen and subsequently with propylene. 7 ml (7 mmol) 
of a 1M trietf^ylaluminum solution In heptane were subsequently placed in the rsactor, and 180 mg 
35 °' hydrogen and 2.S kg of propylene were then introduced at 40''C. A suspension of 41 S mg of the 
catalyst solid prepared In example Bb) in 2 m) of hexane were subsequently rinsed into the 
reactor with 1 Kg of propylene. The reacbon mixture was heated to the polymerisation temperature 
of 65"C over a period of 10 minutes and polymerized for 1 hour The polymerization was stopped 
by venting the remaining propylene. No polymer was formed during the trial 

40 
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Comparative Example C 
Folymerizatlan 

5 A dry 1 Q I reactor whs flushed fir^y with nitrogen and subsequently with propylene. 1 80 mg of 
hydrogen was let into In the reactor and 2.5 kg of pnspylene were then introduced at 40^C, A 
suspension of 306 mg of the catalyst solid prepared m example Bb) In 4 ml of 2M 
triisobutylaluminum were subsequently rinsed into the reactor with 1 Kg of propylene. The reac^on 
mixture was heated to the polymerization temperature of 65°C over a period of 10 minutes and 

10 polymerized for 1 hour. The polymerization was stopped by venting the remaining propylene. No 
polymer was formed during the trial 

Comparative Example D 

1^ a) Synthesis of the supported cocatalyst 

2.0 g of silica get (XPO 2107, Grace; dried at 1B0°C for 10 h) were suspended in 20 ml of toluene 
at ambient temperature and admixed wWh 7.0 ml of trnsobutylaluminum (1M in toluene* 7.0 mmol). 
The suspension was stined for one hour and 1.48 g (7.0 mmol) of pentafiuorophenyfboronic acid 
20 were subsequently added. The reacBon mixfura was stlned overnight and then filtered. The 

residue was washed three times with 20 ml of toluene and dried to constant weight in an oil pump 
vacuum. This gave 2.94 g of a white free-flowing powder. 

b) Application of the organic transition metal compound to the support 

25 

1,45 g of the supported cocatalyst prepared in example Da) were suspended rnl5 ml of toluene 
and admixed with a solution of 47 mg (0.084 mmol) of dimethylsilanediy!bis(2-methyi- 
4-phenylindenyl)dimethylzirconium in 15 ml of toluene. The reaction mixture was stirred for 
one hour and then filtered. The residue was washed 3 times with 20 ml of toluene and dried in an 
30 oil pump vacuum. The yield was 1 .58 g of nght brown solid. 

c) Polymerization 

A dry 10 1 reactor was flushed firstly with nitrogen and subsequently with propylene. 7 ml (7 mmol) 
35 of a 1M triethylalumlnuni solution In heptane were subsequently placed in the reacton and ISO mg 
of hydrogen and 2.5 kg of propylene were tiien Introduced at 40"C. A suspension of 297 mg of the 
catalyst solid prepared in example Db) in 2 ml of hexane were subsequently rinsed into the 
feactor with 1 kg of prapyJene. The reaction mixture was heated to the polymerization temperature 

40 
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of over a period of 10 minutes and polymerized for 1 hour. The polymerization wae stopped 
by venting the remaining propylene. No polymer was ibmied during the trial. 

Comparative Example E 

5 

Polymerization 

A dry 10 1 reactor vras flushed firstly with nitrogen and subsequently with propylene. 1 ml (1 mmol) 
of a 1M triethylaluminum solution in heptane were subsequently placed in the reactor, and 180 mg 

10 of hydrogen and 2.5 kg of propylene were then introduced at 4Q'C. A suspension of 30S mg of the 
catalyst solid prepared in example Db) in 3 ml of 2M triisobutylalumlnum solution were 
subsequently rinsed into the reactor with 1 kg of propylene. The reaction mixture was heated to 
the polymerization temperature of 65'C over a period of 10 minutes and polymerized for 1 hour, 
Tlie polymerization was stopped by venting the remaining propylene. No polymer was formed 

15 during the trial. 

Comparative Example F 

a) Synthesis of the supported cocatalyst 

20 

2.0 g of silica gel (XPO 2107. CSrace: dried at 180X for 10 h) were suspended In 20 ml of toluene 
at ambient temperature and admixed with 7.1 ml of diisobutylaluminum hydride (1M in toluene, 
7.0 mmol). The suspension was stirred for one hour and 0.75 g {3.53 mmol) of 
pentafiuorophenylboronic acid were subsequently added. The reaction mixture was slined 
25 overnight and then flltered. The residue was washed three times with 20 ml of toluene and dried 
to constant weight in an oil pump vacuum. This gave 2.97 g of a white free-flowing powder. 

b) Application of the oiganic transition metal compound to the supporit 

30 2.69 g of the supported cocatalyst prepared in example Fa) were suspended in IS ml of toluene 
and admixed with a soluUon of 63 mg (0.107 mmol) of dimethyl5llan6diylbIs(2-meBiyl- 
4-phenylindenyl)djmethylziroonium In 15 ml of toluene. The reaction mixture was stirred far 
one hour and then filtered. The residue was washed 3 times with 20 ml of toluene and dried In an 
oil pump vacuum. The yield was 2,81 g of beige solid. 

35 

c) Polymerization 

A dry 10 1 reactor was flushed firetly with nitrogen and subsequently with propylene. 7 ml (7 mmol) 
of a 1M triethylaluminum solution In heptane were subsequently placed in the reactor, and 180 mg 
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Of hydrogBD and 2.5 kg of propylene wera then Introduced at 40°C. A suspension of 517 mg of tfie 
catalyst solid prepared in example Fb) in 1 mi of 2M tnlsobutylaluminum were subsequently rinsed 
into the reactor with 1 kg of propylene. The reaction mixture was heated to the polymerizaUon 
temperature of BS'^C over a period of 10 minutes and polymerized for 1 hour. The polymereation 
was stopped by venting the remaining propylene. 60 g polymer was formed dun'ng the trial. The 
catalyst activity was 0.12 kg of PP/g of catalyst solid per hour. The polypropylene obiamed had 
the following properties: Melting point » 149*'C. X9 ^ 0.39. 
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We claim: 

1. A process for preparing a supported cocatalyst for olefin polymerization, which comprises 
reacting 

5 

A) a support bearing functional groups. 

B) trie^ylaluminum and 

10 C) a compound of the fomiula (I), 

(R^)— A— (OH)y (I) 

15 where 

is an atom of group 13 or 15 of the Periodic Table, 

are identical or different and are each. Independently of one another, 
hydrogen, halogen, Ct-Czo-alkyl, Ci-CgcrhaioalkyI, C,-Ctp-alkoxy, Ce-Cas-aryl. 
Ce-Cffl-haloaryl, (VCzD-aiyloxy, C7-C4crarylalky, CT-C^o-haioarylalkyi, 
C7-C4o-allqflaryl, C7-C4crhaloalkyfaryJ or an OSiRs^ group, where 

are identical or different and ars each hydrogen, halogen, Ci-Csfl-alkyl. 
Ci-Czo-haloalkyI, C,^io-alkoxy, Cs-Czo-aryl, Co-Czo-haloaryl, Ce-Czo-aryloxy, 
C7-C4o-arylalkyl, C7-C4irhaloaFylalkyl, C7-C4o-alkylaryl or CrC:4o-haloalkylaryl, 

is 1 or 2 and 

is 3 minus y. 

2. A process as claimed In claim 1 , which comprises first reacting the support bearing 
funcKonai groups A) with triethylalumlnum B} and subsequently allowing the reaction 
product to react mth the compound of the formula (1} C). 

3. A process as claimed in claim 1 or 2, wherein A In formula (I) Is boron. 

4. A process as daimed in claim 3, whersin R' in formula (1) Is Cs-Co-haloaryi, 
C7-C2o-alkylary| or Cr-Cai-haloalkylaryl. 

40 
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5. 
6. 



10 



8. 



15 



20 



A supportad cocatatyst obtainable by a prpcess as claimed in any of claims 1 to 4. 

The use of a supported cocatalyst prepared as claimed in any of claims 1 to 4 fbr preparing 
a catalyst system for the polymerization of olefins. 

A catalyst system for the polymerization of olefins, obtainable by bringing at least one 
supported cocatalyst as claimed m claim 5 Into contact with 

D) at least one organic transition metal compound. 

A catalyst system for tlie polymerization of olefins as claimed m claim 7. wtiereln 

E) at least one orsanometallic compound 
is additionally added in its preparation. 

A catalyst system for the palymerieation of olefins as claimed in claim 8 which is prepared 
by firstly preparing a catalyst solid by bringing at least one supported cocatalyst as daimed 
in claim 5 into contact with at least one organic transition metal compound D), then bringing 
this catalyst solid into contact with at least one organometallic compound E) in a second 
step and then using this mixture without further woric-up for the polymerization. 



10. A process 
daims7to9, 



for the polymerization of olefins using a catalyst system as claimed in any of 
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PfBparation of supported cocatafysts 
Abstract 

5 The present invention relates to a process for preparing a supported oocatalyst for oisfin 
po)ymeri2ation, which comprises reacting 

A) a support bearing functional gnaups, 

10 B) triethylaluminum and 

C) a compound of the formula (I), 



+49 621 6899447 S.48>'4S 



IS (R^)^j ^A— (OH)y (I) 

where 

A is an atom of group 13 or 15 of the Periodic Table, 

20 

are identical or different and are each, independently of one another, hydrogen, 
halogen, Ci-Czo-alkyl. Ci-Cjcrhaloalkyl. C,-C,o-alkoxy. CG-Czo-aryl, Cc-Cao-haloaryl. 
Cs-CzoHarylQxy, CT-Cjo-aryialky, C7-C4trhaloarylalkyl. C7-C4cpafl^laryl. 
CT-C4trhaloalkylaryl or an OSiR^^ group, where 

25 

R* are Identical or different and ana each hydrogen, halogen, Ci-Cao-alkyl. 

Ci-Cza-haloalkyl, Ci-CiraIKoxy. Cff-Cso-aryl, Cs-Czrhaloaryl. Cs-Czcraryloxy, 
CirCtfo-arylalkyl. CVC4ff-haloarylalkyl. CVC4iralkylaryl or CT^do-haloalkylaryl, 

30 y i5lor2and 

X is 3 minus y. 

In addition, the invention relates to supported cocatalysts obtainable by such a process^ to the 
35 use of the supported cocatalysts for preparing a catalyst system for the polymerization of olefins, 
to catalyst systems for the polymsrization of olefins obtainable from the supported cocatalysts and 
to a process for the polymerization of olefins in which these catalyst solids are used. 
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